Aims: Pain and anxiety are commonly reported among those undergoing orthopaedic surgery. Improvement in anxiety and pain control might be achieved by supplementing standard care with psychological interventions. However, the effectiveness of adjunctive psychosocial interventions in anxiety and pain control have not been addressed sufficiently by previous systematic reviews in orthopaedic surgeries. The present study aimed to assess the effectiveness of adjunctive psychosocial techniques to improve perioperative clinical care in orthopaedic surgery, to identify the most effective intervention types and to evaluate potential moderators. Methods: We will perform a systematic review and meta-analysis to address the study aims. PubMed, PsycINFO, CINAHL and ProQuest Dissertations & Theses will be searched between 1980 and 2015. Prospective controlled clinical trials completed in adults, contrasting standard care and standard care supplemented with psychosocial methods, will be eligible for inclusion. Effectiveness will be assessed through the outcomes of postoperative pain intensity, analgesic requirement, perioperative anxiety, quality of life and postoperative recovery. The results of a random-effect meta-analysis will be reported. To aid implementation of best practice, moderating effects of the type and timing of psychosocial intervention, type of surgical intervention and type of anaesthesia will be evaluated through meta-regression. Sensitivity analyses and subgroup contrasts will follow as necessary. Discussion: Recommendations will be made to improve medical care in orthopaedic procedures. The quality of evidence will be rated using GRADE criteria.
Introduction
As the ageing population continues to grow, the number of orthopaedic surgeries is expected to increase by 28% over the next two decades, with estimates as high as 6.6 million by 2020 (Datamonitor, 2011; Etzioni et al., 2003; Pivec et al., 2012) . Severe postoperative pain and perioperative anxiety are reported commonly among those undergoing orthopaedic surgery, whether elective or emergent (McCartney and Nelligan, 2014; Mitchell, 2010; Puolakka et al., 2010) . Both postoperative pain and perioperative anxiety have been linked to suboptimal short-and long-term recovery (Kagan and Bar-Tal, 2008; McCartney and Nelligan, 2014) .
The treatment of postoperative pain is essential to improving health-outcomes. Postoperative pain has been linked to delayed patient rehabilitation, increased hospital stays, higher medical costs and decreased quality of life (Chung et al., 1997; Kehlet and Dahl, 2003) . Despite advances in analgesic pain control (Ranawat and Ranawat, 2007) , and new pain management standards (American Society of Anesthesiologists Task Force on Acute Pain Management, 2012), many patients still report inadequate postoperative pain control (Apfelbaum et al., 2003; Wu and Raja, 2011) . Under treatment of postoperative pain may result in '…thromboembolic and pulmonary complications, additional time spent in an intensive care unit or hospital, hospital readmission for further pain management, needless suffering, impairment of health-related quality of life, and development of chronic pain' (American Society of Anesthesiologists Task Force on Acute Pain Management, 2012). As orthopaedic surgery rates increase, it is evident that barriers to pain management will need to be overcome in order to improve patientcentred outcomes (Older et al., 2010) .
Anxiety is among the most commonly reported perioperative emotional states and has been shown to be a significant predictor for moderate-to-severe postoperative pain, need for pain medication, increased surgical risks, risk of infection, and reduced patient well-being (Bailey, 2010; Johnston, 1986; Kagan and Bar-Tal, 2008; Munafò and Stevenson, 2001 ). Perioperative anxiety can significantly influence patient recovery, quality of life, symptoms and occupational performance following surgery (Kagan and Bar-Tal, 2008) , and lead to prolonged wound healing and recovery (Moreno et al., 2012) . While it is generally understood that perioperative anxiety is associated with poor postoperative outcomes, treatments for orthopaedic patients experiencing anxiety have not been well researched or established (Calvin and Lane, 1999; Doering et al., 2000; Kehlet and Dahl, 2003) .
There is a recognized need for improved postoperative pain and perioperative anxiety management among orthopaedic patients (Abbott et al., 2010; Apfelbaum et al., 2003) . Psychosocial techniques have been shown to be effective adjuncts to orthopaedic surgery, decreasing both pain and anxiety (Bailey, 2010; Johansson et al., 2005; McDonald et al., 2004; Thomas and Sethares, 2010; Wang et al., 2015) . A review by Johnston and Vögele (1993) found beneficial effects of procedural information, behavioural instructions, cognitive intervention and relaxation on pain and negative affect in surgical patients. Although Johnston and Vögele (1993) provided a good general overview of psychological techniques used in surgery, the wide scope of their review limits the generalizability of their findings to any one particular surgical procedure. In addition, their review is more than 20 years old and its results might be outdated.
The purpose of the present review is to identify psychological interventions which are effective in reducing pain and anxiety, and in improving the quality of life and recovery of patients undergoing orthopaedic surgery. To achieve this goal, the present review will provide a systematic quantitative analysis of the effects of psychological interventions used in the care of adults undergoing orthopaedic surgery, and identify the moderators of effectiveness.
The current systematic review aims to provide an in-depth synthesis of the current literature and a quantitative analysis of the effectiveness of psychological interventions used in orthopaedic surgery. The effectiveness of psychological techniques such as patient education, cognitive behavioural interventions, relaxation techniques, hypnosis, therapeutic suggestion interventions, and emotion-focused interventions will be assessed through the outcomes of postoperative pain, perioperative anxiety, quality of life and recovery in adults. We hypothesize that participants in the psychological intervention groups will have better outcomes (pain, anxiety, quality of life and recovery) than those in the control groups. Furthermore, we will also evaluate the moderating effect of: (i) type of psychological intervention; (ii) timing of psychological intervention; (iii) type of surgical intervention: elective versus acute; (iv) type of surgical intervention: major versus minor; and (v) type of anaesthesia.
Methods

Inclusion and exclusion criteria
Prospective controlled clinical trials conducted with an adult sample (aged ≥18), testing the effectiveness of a psychological intervention as an adjunct to orthopaedic surgery will be included in the quantitative review. To be included in the quantitative analysis, studies must contain at least one control group (e.g. standard care or structured attention), and at least one intervention group that differs from the control group only in that they will also receive a psychological intervention. Treatment arms that use combined psychological and non-psychological interventions will be excluded based on the confounding nature of the study design. Included studies will also assess one of the outcomes of interest: postoperative pain, analgesic requirement, perioperative anxiety, quality of life or postoperative recovery. Studies for which the full text publication is inaccessible and the data needed to evaluate eligibility are not available from other sources (e.g. contacting the author directly or from the trial registry) will be excluded from the quantitative review. The research question is outlined using the PICOS (Population, Intervention, Comparison, Outcome, Study design) approach in Table 1 . The Methods section contains a detailed description of the study components.
Population
The current study includes research on adult patients (aged ≥18) undergoing elective and acute orthopaedic surgery. Studies on children will be excluded as the outcomes of interest are affected differently and show a different time course in this population. In trials where the studied sample involved types of surgery other than orthopaedic surgery, a decision will be made on a case-by-case basis as to whether or not to include it in the quantitative analysis, depending on the percentage of non-relevant surgeries performed.
Study types
Prospective controlled clinical trials will be included in the systematic review. If the pooled sample size permits, we will run all quantitative analyses and base all interpretations on randomized controlled trials (RCTs) only (for details, see power analysis section). Efforts will be made to identify published and unpublished studies alike.
Intervention types
The review will examine the effectiveness of psychological interventions as adjuncts to orthopaedic procedures. Based on our preliminary review of the literature, psychological interventions used in orthopaedic surgery settings are expected to involve the categories below.
Patient education
In patient education interventions, patients receive information regarding the surgery or the recovery process. Information can relate to the process of the procedure that they are about to undergo (procedural information), or their likely experiences during the procedure (sensory information). Patient education may also include information about the recovery and rehabilitation process, or instructions on how to facilitate recovery (rehabilitation consultation). An intervention is considered as patient education if its primary component is providing information to the patient, and if the amount of information exceeds that usually provided to patients undergoing that particular kind of surgery.
Cognitive behavioural interventions
Cognitive behavioural interventions aim to alter the way patients think or behave in the perioperative period. They are usually focused on facilitating coping with surgical side effects and the stress of recovery and rehabilitation. They can range from instructions on how to reframe negative thoughts (cognitive reframing); distraction from pain or other discomforts; and changing behavioural patterns -for example, through conditioning or desensitization. Mindfulnessbased interventions and techniques using mental stimulation and memory training are included in this category.
Relaxation techniques
Relaxation techniques are techniques which are primarily aimed at inducing a relaxed physical and mental state in the patient. These techniques include progressive muscle relaxation, autogenic training, mental imagery aimed at inducing relaxation, a focus on breathing, relaxing muscle groups systematically in the body with conscious effort, biofeedback relaxation and any other intervention labelled as relaxation training.
Hypnosis
A hypnosis intervention starts with a hypnosis induction (usually involving instructions for focused attention), followed by hypnotic suggestions and, finally, a hypnosis de-induction. Interventions labelled as hypnosis, or those clearly involving a formal hypnosis induction (Weitzenhoffer, 1989) , will be considered as hypnosis.
Therapeutic suggestion interventions
Suggestions are elements of interpersonal communication, ranging from direct instructions to subtle metaphors, which evoke involuntary responses (Varga, 2011 (Varga, , 2013 . Interventions centred on positive communication that use special language containing suggestions to alleviate pain or anxiety or that facilitate healing, and techniques in which hypnotic suggestions are given without formal hypnosis induction are therapeutic suggestion interventions. These interventions usually use standardized communication guidelines or scripts, which are used during the treatment of the patient by medical staff or delivered via recordings.
Emotion-focused interventions
Interventions involving mainly discussion about, or expression of, emotions are emotion-focused interventions. In these techniques, patients are encouraged to express or disclose emotions in some way. For example, these interventions can involve patient interviews regarding emotions, expressive writing, consultations with a psychologist to discuss emotions, or emotionfocused patient diaries. Other types of psychological interventions may be identified during the course of the review.
Outcomes
The primary outcomes are postoperative pain assessed by pain ratings, self-report measures, postoperative analgesic use, and pre-and postoperative anxiety assessed by self-reported measures or study staff. Secondary outcomes will include self-reported quality of life and patient recovery. Patient recovery will be operationalized as time taken to return to normal functioning and the subjective degree of recovered normal physical functioning (e.g. muscle strength or joint range of motion).
The period of interest will vary by outcome. In the main analysis, every measurement taken up to a set follow-up time point (i.e. one month after surgery for pain and anxiety, and six months after surgery for quality of life and recovery) will be pooled. As levels of pain and anxiety, and the rate of improvement in quality of life and recovery show considerable variation over time in orthopaedic surgeries (Burns et al., 2007; Monticone et al., 2014; Ross and Berger, 1996) , sensitivity analyses will be conducted on smaller follow-up time ranges to evaluate the short-and long-term effects of the psychological interventions. As the quality of life and the recovery parameters vary over longer periods of time, we have chosen longer follow-up periods and ranges for these outcomes. The time periods considered for each outcome analysis and the proposed sensitivity analyses are depicted in Table 2 . Immediately after surgery until 6 months after surgery First 3 months, months 4 to 6 † In this study, by 'day of the surgery', we refer to the rest of the day remaining after the surgical procedure was completed Psychosocial Techniques in Orthopedic Surgery Kekecs et al.
Search methods
Database searches will be conducted on PubMed, PsycINFO, CINAHL and ProQuest Dissertations & Theses from January 1980 to December 2015. We consulted previous systematic reviews of psychological interventions in surgery (Johnston and Vögele, 1993; Powell et al., 2010) and conducted several preliminary searches on all four databases to refine search terms prior to starting the systematic search of the primary literature. Only English search terms will be used but the language of eligible publications will not be further restricted. To identify studies in which psychological interventions were applied in an orthopaedic surgery setting, key terms such as 'behavioural therapy', 'cognitive reframing', 'relaxation therapy', 'orthopedic', 'arthroplasty' and 'joint replacement' will be used. The transparency of search terms is important for the reproducibility of the study, so a full list of search terms is available from the authors. In Pubmed and PsycINFO, the search will be conducted in all fields. Preliminary searches indicated that, when searching in all fields (including the full text of publications) in CINAHL and ProQuest Dissertations & Theses, the sensitivity was low. Thus, in the latter two databases, the search will be limited to the title and abstract fields only. To find unpublished trials, we will search the World Health Organization's International Clinical Trials Registry Platform's (ICTRP) Clinical Trials Search Portal, which enables searching of trials registered in 15 major trial registry portals. We will handsearch reference lists of retrieved studies and relevant review articles to identify additional evidence.
Screening
Initial inclusion screening will be based on the assessment of the title and abstract by one review author. After initial screening, the full text will be assessed independently for inclusion by two review authors. Any disagreement will be resolved by discussion with a third review author. We will contact the authors of the publications for which the full text or any data required is unavailable. If we do not receive a reply within three weeks, the study will be excluded from the review. The screening process and the results of the eligibility assessment will be added to the flow diagram displayed in Figure 1 .
Data extraction
Two review authors independently will extract data from the full text using a data extraction form. Any disagreement will be resolved by discussion with a third author. We will extract the following data:
Study methods: study design. Study participants: descriptive statistics of age and gender distribution.
Surgery: type of surgery (e.g. total knee replacement surgery, spinal surgery); whether the surgery was acute or elective (all surgeries which were not planned in advance and were indicated because of a trauma, such as fracture repair, will be considered as acute); anaesthesia type (general/spinal/regional/local); and severity of surgery (minor or major).
Intervention: type and detailed description of the intervention and control conditions, number of groups, sample size by study group, delivery method, standardization, timing, n lost to follow-up.
Outcomes: outcomes, measurement tools, measurement time points.
Results: the most appropriate of the following data will be extracted for effect size calculation: means and standard deviations for all groups at the post-test measurement point (for post-test between-subjects designs), means and standard deviations for all groups at all measurement points and correlation between measurements if provided (for repeated measures within-between designs), test statistics for the relevant between-subjects comparison tests (t-value, F-value, r, R 2 , etc., for studies in which mean and standard deviation are not available or not appropriate for effect size calculation), p-values for the relevant betweensubjects comparison tests (if none of the previous data are available).
Risk of bias assessment
Methodological quality will be assessed using the Cochrane Risk of Bias Assessment Tool (Higgins et al., 2008) . This tool enables the evaluation of selection, performance, detection, attrition and reporting bias, with several customizable assessment categories. During the process of evaluation, two review authors independently will rate studies as having 'low risk of bias', 'unclear risk of bias' or 'high risk of bias' on the following attributes: (i) random sequence generation; (ii) allocation concealment; (iii) blinding of personnel; (iv) blinding of outcome assessment; (v) incomplete outcome data; and (vi) selective reporting. Any disagreement will be resolved by discussion with a third author. We will conduct sensitivity analyses to determine whether excluding studies at a high risk of bias affects the results. Blinding of participants and administrators of the interventions is not expected because of the interactive nature of the interventions.
Publication bias will be assessed by inspecting the funnel plot, calculating Begg and Mazumdar rank correlation (Begg and Mazumdar, 1994 ) and performing the random-effect variant of the Egger test (Sterne and Egger, 2005) . To evaluate the effect of possible missing studies on the results, a supplementary analysis using the Duval and Tweedie trim-and-fill method (Duval and Tweedie, 2000) will be utilized.
Influential cases will be identified by comparing the model coefficients, and the Cook's distance between the entire set of predicted values before and after excluding any one study. Sensitivity analyses will be performed with the exclusion of influential studies. 
Quality assessment
Two review authors independently will rate the quality of evidence using the Grading of Recommendation Assessment, Development and Evaluation (GRADE) (Swiglo et al., 2008) criteria. Any disagreement will be resolved by discussion with a third author. GRADE ratings will be used in the formulation of recommendations based on the study results.
Report
The results will be reported following Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) criteria (Moher et al., 2015) .
Statistical analysis plan
Power analysis
Previous studies have shown a large variation in effect sizes, from small to large effects (Johnston and Vögele, 1993; Kekecs et al., 2014) . The consistency and size of effect may depend on the psychological techniques used, the surgical procedure and the outcome. Our present study is powered so that the analyses are able to detect at least a medium effect size or greater. Based on the data obtained in previous studies (Kekecs et al., 2014) , a series of simulations were conducted to determine the necessary number of studies and sample sizes required to detect a medium effect size (g = 0.5) in the population, with a moderate heterogeneity (I 2 = 50%). The simulation was used to test the statistical power of meta-analyses with differing numbers of studies (four, eight, ten, 12, 14 and 16) and differing total pooled sample sizes (100, 150, 200, 250, 300, 350 and 400) . One thousand iterations were computed for each combination of number of studies and sample sizes. We found that a total sample size of 300 is necessary to exceed the desired 80% power in all of the tested size-of-studypool scenarios, and that the number of studies included in the analysis did not have a major impact on power. Thus, the 'go/no-go criteria' for initiating an analysis were based on the total number of participants involved. We will only run the main and sensitivity analyses when the pooled sample size reaches 300 in total. Similarly, in subgroup-based analyses, groups with pooled sample sizes lower than 300 will be omitted. Quantitative analyses will only be run when at least four studies contribute to the pooled effect size, to avoid bias and to get an accurate picture of heterogeneity. The number of analyses permitted by the pooled sample sizes will be contrasted between the full study pool and the sub-pool of RCTs only. The 'RCTs only' approach will be preferred if the main study questions can be answered with sufficient power.
Calculating treatment effect
Corrected Hedges' g (g) (Hedges, 1981) will be used as a measure of effect size_ENREF_13. Equations provided by Johnson and Eagly (2000) , and Lipsey and Wilson (2001) will be applied to calculate the effect size from test statistics when the means and standard deviations are not available. If the study provides data on more than one time point, effect sizes may be aggregated as necessary, in accordance with Rosenthal and Rubin (1986) and De Coster (2004) . For measurements for which results (descriptives, test statistics or significance values) were not reported, g = 0 will be imputed.
Main analyses
No interim analysis will be performed; data will only be analysed at the conclusion of the data extraction from all studies. Effect sizes for all outcomes will be submitted to a separate random-effect meta-analysis via the newest version of the metafor package in R. A random-effects approach will be used because we expect high heterogeneity. Heterogeneity will be assessed using the Q, I
2 and H 2 statistics. A multi-level meta-analysis will be used if there are studies with multiple arms eligible for inclusion in the metaanalysis. Subsequently, we will execute meta-regressions with: (i) type of psychological intervention; (ii) timing of psychological intervention; (iii) type of surgical intervention: elective versus acute; (iv) type of surgical intervention: major versus minor; and (v) type of anaesthesia: general, spinal, regional or local, as predictors to investigate moderating factors of effectiveness.
Supplementary analyses
Influential cases (outliers) will be identified using the covariance ratios and Cook's distance between the entire set of predicted values before and after exclusion. Sensitivity analyses will be performed with the exclusion of highly influential cases. If significant publication bias is identified, the main hypothesis-testing analyses will be repeated using the Duval and Tweedie (2000) trim-and-fill method to ameliorate the effect of potential 'missing studies'. Meta-regression will be used to assess the risk of bias for all outcomes separately, with all categories of the Cochrane Risk of Bias Assessment Tool entered into the model as binomial predictors. We will perform a sensitivity analysis by excluding studies with unclear or high risk of bias ratings. The effect of zero imputation will be also tested in a meta-regression model. We will perform sensitivity analyses at different follow-up time windows, as indicated in Table 2 , to analyse short-and long-term effects. Furthermore, the main hypothesis testing analyses will be repeated only on studies with joint replacement surgeries. Joint replacement procedures are of high interest because of their high frequency and their specificity to a vulnerable population (the elderly).
Discussion
Orthopaedic surgeries are among the most common types of surgery performed today. Surgical side effects such as pain and anxiety are common among orthopaedic patients, and long recovery time, anxiety and pain can severely affect quality of life. Pharmacological and physiotherapy techniques can be supplemented with psychosocial interventions to improve efficacy. However, the effectiveness of such interventions is still unknown. Through our systematic review, we will assess the strength of evidence supporting the effectiveness of psychosocial techniques applied in orthopaedic surgery. Findings from this study will help to develop new best practice guidelines in perioperative medical care and nursing.
Findings will be reported according to the PRISMA-P statement (Moher et al., 2015) . The study will be started upon acceptance of the review protocol, and will take approximately 6-9 months until the completion of data analysis. Thus, the manuscript for the completed systematic review is expected to be submitted for review 9-12 months after acceptance of the protocol.
